have provided wide-ranging results that depend on the method used ( Table 1) . The main 35 purpose of this paper is to determine climate estimates for the Florissant flora using the 36
Coexistence Approach (CA). Improved estimates reduce uncertainties regarding paleoelevation 37 and climate of the Rocky Mountains at this time interval. 38
BACKGROUND 39
Common methods for determining paleotemperature, including leaf margin analysis, 40 nearest living relative methods, and the Climate-Leaf Analysis Multivariate Program (CLAMP), 41 use different parameters to provide climate estimates. At Florissant, MAT estimates have ranged 42 between 10.8° (Gregory and McIntosh, 1996) and 18.3° C (MacGinitie, 1953) . Because of the 43 connection between temperature and elevation, some authors use modern terrestrial lapse rates, 44 requiring assumptions about mean annual temperatures at sea level to estimate at what elevation 45 a paleotemperature occurred (Cather et al. 2012) . These various methods have yielded wide-46 ranging and often conflicting paleotemperature estimates as a result (see Table 1 ).
One of the earliest botanical methods developed for determining paleotemperature is 48 based on the percent of woody dicots in the flora having smooth (untoothed) Table A1 , not all climatic ranges of MAT could be 118 found for some taxa (Table A2) . Environmental data for pollen or megafossils of uncertain 119 identity (e.g. Genus-type) was excluded from the CA analysis. 120 121
RESULTS 122
The Florissant flora was diverse (MacGinitie, 1953; Manchester, 2001; Wingate and 123 Nichols, 2001; Leopold and Clay-Poole, 2001; Bouchal, 2013) (Bouchal et al., 2014; MacGinitie, 1953; Walter and Leith, 1967 (Bouchal et al., 2014; Wang, 1961) . The pollen flora included Alangium, Itea, 147
Cedrela, Croton, and Tetracentron (insect-pollinated types which are unlikely to represent long-148 distance transport). The existence of certain gypsum-rich sediment layers and occasional pollen 149 of dry-tolerant shrubs at Florissant exposures suggest that arid conditions at higher altitude areas 150 occurred (MacGinitie, 1953; Leopold and Clay-Poole 2001) . 151
The hardwood dicots of Florissant were broad-leaved, generally notophyllous with an 152 unusual number of microphylls (MacGinitie, 1953; H. Meyer, personal communication, 2015) , 153 and with 60.9% toothed and 39.1% smooth margined leaves (Table A1) . Bouchal et al. (2014) 154 emphasized the role of a few "truly humid-loving hardwoods" that occurred at Florissant, 155 including taxa which grow primarily in the Mixed Mesophytic forest of SE China (Wang, 1961) : 156 Eucommia, Engelhardia, Pterocarya, Cyclocarya, Ostrya/Carpinus and Quercus. 157 
METHOD LIMITATIONS 158

Nearest Living Relatives 159
The NLR method can be used on a wide range of plant fossil organs (T. Fletcher, personal 160 communication, 2015) . However, it is dependent on correct identifications (Uhl et al., 2003) , 161 usually on the generic level. Extinct genera, which are not uncommon at Florissant, can make 162 climate analysis difficult due to the lack of a nearest living relative (H. Meyer, personal 163 D r a f t 9 communication, 2015). In addition, there is concern that the advanced age of the Florissant flora, 164 being considerably pre-Neogene, may confound NLR results because the taxa may represent 165 lineages that are not closely related to the modern taxa from which the environmental data are 166 selected (Grimm and Denk, 2012) . 167 4.1.1.1 Coexistence Approach (CA). CA is less affected by taphonomic variables than CLAMP, 168 but is less sensitive to minor climate changes (Uhl et al., 2003) . There are also difficulties posed 169 by deciding which taxa may be considered outliers, which can be an issue when the limits of 170 range are set by taxa represented by pollen only, such as the monotypic Rhoiptelea. Some 171 authors elect to discard such pollen identifications altogether and set the limits of climatic range 172 based on confidently-identified megafossils only (Boyle et al., 2008) out of concern that the 173 palynomorphs may be long-distance wind-transported. However, excluding pollen specimens 174 may be unnecessarily restrictive, especially in the case of insect-pollinated taxa such as Croton 175 (which are more likely to be growing locally or transported over short distances), or when 176 uniquely-configured grains are documented in multiple samples or are otherwise abundant, as is 177 the case with Rhoiptelea (Leopold et al., 2008) . Boyle et al. (2008) indicated that the inclusion of 178 pollen taxa in their study had minimal impact on estimations of temperature at Florissant. 179
An important review of the CA method by Grimm and Denk (2012) Fang et al. (2011) , Thompson et al. (2015) , and others were used ( Table  187 A1). 188
CLAMP/Paleoenthalpy 189
Although CLAMP and Paleoenthalpy have been widely used (Wolfe et al., 1998; 190 Gregory and McIntosh, 1996; Forest et al., 1995; and others) , CLAMP is sensitive to the 191 calibration set used (Uhl, et al., 2003) , and not all regions have been sampled (Boyle et al., 192 2008 LMA, CLAMP-derived temperatures can be underestimated by between 2.5° to 5° C due to the 199 effect of wet soils, such as those found in lakeside deposits (Burnham et al., 2001; Kowalski and 200 Dilcher, 2003) . If a 2.5° correction were made to the CLAMP estimates found in Table 1 , the 201 resulting MAT estimates would be within the lower constraint of our CA results. 202
PALEOELEVATION 203
As Table 1 demonstrates, there is wide disagreement about estimates of paleoelevation. 204
In particular, there is no consensus about which lapse rate to use. Terrestrial lapse rates vary 205 spatially and over time. If present day lapse rates of an area differ from the modern global 206 average because of local physical features such as topography, then using those present day lapse 207 rates to predict past elevations with unknown topography may not yield realistic results. In 208 addition, estimates of elevation are impacted by local climate variability at coastal coeval floralD r a f t sites, which can contribute to over-and underestimation of paleoelevation at inland sites (Feng 210 and Poulsen, 2016) . Given that scientists are not in agreement as to the topography of the 211 southern Rocky Mountain region in the late Eocene, and that the modern lapse rate is a reflection 212 of the modern topography, then this method seems to have an uncertain basis for estimating past 213
elevations. 214
The data in Table 1 generally demonstrate that the inferred paleoelevation is broadly 215 linked with the inferred mean annual temperature. MAT estimates of between 14.3 to 18.2°C 216 predict paleoelevations ~1.5 km or less, while cooler MAT estimates of 10 to 14° C predict 217 higher paleoelevations from ~2 to 4 km ( Table 1) . Elevation estimates using CLAMP and Lapse 218
Rate methods require a robust MAT from a coeval sea level site, which presents another 219 limitation of the Lapse Rate method. Certain MAT values combined with various lapse rates 220 result in paleoelevations that seem excessive, including 3.8 km and 4 km (Wolfe et al., 1998 ; 221 Wolfe, 1994); these do not leave much room for the 0.5 to 1.0 km uplift that has occurred there 222 since the late Miocene (Cather et al., 2012; Karlstrom et al., 2012) . A reasonable 223 paleotemperature determined from estimates of vegetation type is therefore an important 224 parameter because of its impact on paleoelevation. Of 241 comparative forest plots in the New 225
World, the three most like the Florissant flora taxonomically (Florida, Tamulipas, Mexico, and 226 northern Argentina) each lie at elevations below 1000 meters (Boyle et al., 2008) . The MATs at 227 these stations were 20.5°, 21.6° and 18° C, respectively. 228
INTERPRETATIONS 229
The Coexistence Approach results demonstrate that the plant-tolerance range of mean 230 annual temperature of the Florissant Fossil beds flora was between 14.3° C and 18.2° C based on 231 the environmental tolerances provided by Vauquelinia, Rhoiptelea, Torreya, and AmelanchierD r a f t (Figure 1) . Fifty-five percent of the modern taxa used for this analysis are warm-loving and 233 require MAT ranges above 0° C, and three of these taxa (Rhoiptelea, Vauquelinia, and Persea) 234 require MAT ranges of 10° C or more (Table A2) . Furthermore, clumped isotope ∆ 47 235 thermography based on original lacustrine carbonates suggests an MAT for Florissant of ~18° C 236 (Hyland and Huntington, 2015) , with an error of +2° C (E. Hyland, personal communication, 237 2015) . Original lacustrine carbonates are more reliable than paleosol carbonates because they are 238 not impacted by the time of year of deposition and therefore not biased to the warm season (E. 239 Hyland, personal communication, 2015) . These data are consistent with findings of other studies 240 which indicate that the Florissant site was deposited at a low elevation, e.g. ~1 to 1.5 km ( Table A2 for genera used. 234x382mm (300 x 300 DPI) D r a f t 
